a b s t r a c t
The association of lung agenesis with esophageal atresia (EA) & tracheoesophageal fistula (TEF) is exceedingly rare with a lethal outcome. We describe two neonates with this association who underwent primary repair shortly after birth. One of these neonates also had gross hydrocephalus, bilateral microtia and right thumb deformity. The goal in the management of these patients is early protection and preservation of respiratory units which is best accomplished by primary repair.
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The association of unilateral lung agenesis with esophageal atresia (EA) and tracheoesophageal fistula (TEF) is exceedingly rare. This combination of anomalies has been uniformly lethal. We describe two cases of unilateral lung agenesis, esophageal atresia with tracheoesophageal fistula, one of which survived to the age of 1 year.
Case 1
A 3.3 kg term male neonate born by emergency caesarean section was referred on day 2 of life with the antenatal diagnosis of congenital hydrocephalus with aqueductal stenosis. On examination there was frothing from the mouth, gross increase in head circumference with wide open anterior fontanelle with sutural diastases, bilateral ear microtia and right thumb deformity. Anal canal, external genitalia and spine were normal. Air entry was absent on right side of the chest. Attempts to pass a nasogastric tube were unsuccessful. Chest roentgenogram showed an opacified right hemithorax and a hyperinflated left lung with a larger left hemithorax and shift of trachea and mediastinum to right. The red rubber catheter tip was lying at T4 level with normal pattern. These findings were consistent with right pulmonary agenesis, esophageal atresia and TEF type C. An extra rib was present on the right side. Ultrasound of the abdomen showed right renal agenesis. A computed tomography (CT) scan of the thorax showed absent right lung. On right posterolateral thoracotomy, right lung was absent. The distal esophagus was located on the left of the descending aorta, and was traced upward to its communication with the trachea. The fistula was ligated and divided. A single-layer esophago esophageal anastomosis was performed. The neonate was maintained on mechanical ventilator and gradually weaned to extubation in 3 days. Water soluble contrast study on postoperative day 6 revealed no leak.
Case 2
A 2.2 kg term male neonate born by normal vaginal delivery was referred on day 2 of life with a history of frothing from the mouth. Chest roentgenogram showed an opacified right hemithorax with shift of heart to right side. The tip of a red rubber tube was seen in the proximal esophagus with gas present in abdomen, suggestive of right lung agenesis with a TEF type C. Right posterolateral thoracotomy with esophago esophageal anastomosis was performed. Findings were otherwise similar to the previous case. The neonate required mechanical ventilation for 4 days, and gradually weaned.
Contrast study with water soluble dye post-operatively revealed no leak. The patient was discharged on feeds. He had intermittent episodes of respiratory tract infections in the first year of life and succumbed at 1 year of age following a severe pulmonary infection (Figs 1e5).
Discussion
Agenesis of the lung is believed to be caused by failure to maintain the developmental balance between the two lung buds (Table 1) . Schechter [1] has classified pulmonary agenesis or aplasia as Type I e complete absence of both bronchial and alveolar tissue and Type II e complete absence of alveoli but partial presence of major bronchial elements. In either type, no lung tissue is visible on radiological images. The incidence of unilateral pulmonary agenesis is 1 in 10,000e15,000 autopsies [2] . It is believed that both pulmonary agenesis and esophageal atresia occur during the fourth and fifth week of gestation, resulting from faulty partitioning of the foregut into the esophagus and trachea [3] . Plain chest X-ray shows complete opacification of the hemithorax with mediastinal shift to the affected side and hyperinflation of the contralateral lung. Computed tomography (CT) scan can show the entire bronchopulmonary system and the location of the heart. More than 50% of patients with pulmonary agenesis have associated anomalies including heart defects. Fifty percent of children born with pulmonary agenesis are stillborn or die within first months of life from these concomitant anomalies. Patients who survive beyond the neonatal period have respiratory difficulties with diminished pulmonary function and impaired respiratory reserve. Most die of pneumonia. The average life expectancy of right lung agenesis was reported as 6 years and 16 years with left lung agenesis [4] . Unilateral pulmonary agenesis associated with EA-TEF is a rare condition; Only 37 cases have been reported to date [12] . The birth weights ranged from 1000 g to 2900 g (average 2303 g) [6] . This association was first described by Klebs in 1874 cited by Meyer in1910. Booth and Berry recorded 13 cases in their literature review in 1967, in the series, the right lung was absent in 8 cases and the left in five. All died before the age of 2 months [3] . Black and Welch studied 15 cases of this association in 1986. Out of 16 cases, 10 had agenesis of the right lung, four had agenesis of the left lung, and two had bilateral agenesis, in this series, 11 infants died of associated anomalies (nine had congenital cardiac disease and two had bilateral pulmonary agenesis) and one died of extreme prematurity with another succumbing to a combination of unrelieved tracheal stenosis and anastomotic leak [4] . These authors proposed that tracheotomy was beneficial since the vast majority of children with EA and TEF had tracheomalacia, which may be the major problem in a child with pulmonary agenesis. Kazau Tayagi et al., in 1987 reported a full term male neonate with EA and TEF type C, and right pulmonary agenesis, in whom gastrostomy and jejunostomy followed by delayed primary esophageal anastomosis were done. This patient had a good recovery [7] . Hoffman et al., in 1989 described two cases of EA with TEF type C, and right pulmonary agenesis, one of whom was associated with duodenal atresia, both were well at 24 and 18 months, respectively [8] . Kevin et al., in 1994 reported a small-for-gestational-age, premature neonate with similar association treated by early gastrostomy and delayed fistula division with esophageal anastomosis. The patient also had hypertrophic pyloric stenosis and a pyloromyotomy with Nissen's fundoplication was performed [9] . Kitagawa et al., in 1995 describe a neonate with unilateral pulmonary agenesis with EA with TEF [6] . Definitive repair for the atresia was completed during the early neonatal period, and the patient is alive and well, more than 1 year after surgery. Chen et al., in 2002 described a premature female infant who had tracheal stenosis, right lung agenesis and EA. The baby died of respiratory failure at the age of 39 days [11] . Though survival has been reported in a few cases, including one of our own, this association appears to have a poor prognosis. The goal in treating such patients should be preservation of respiratory function even if esophageal continuity must be sacrificed. The tracheoesophageal fistula should be divided immediately since infants have little gastroesophageal sphincter function to impede reflux of gastric acid into the pulmonary tree. Primary esophageal anastomosis should be performed if technically feasible at the initial operation otherwise, cervical esophagostomy should be constructed.
Conclusion
Survival of unilateral lung agenesis associated with EA and TEF is poor. Unilateral lung agenesis associated with EA with TEF with hydrocephalus has not been reported in English literature.
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